4A3553).
Introduction
To understand the pathogenesis of the human immunodeficiency virus type 1 (HIV-I), convenient histological methods are needed for identifying virions in clinical tissues. In situ hybridization is one technique used to identlfy HIV DNA and mRNA in human tissues (Pantaleo et al., 1993 ; Pudney and Anderson, 1991) . This procedure, however, has several problems that limit its usefulness as a routine method for detecting HIV. First, a high degree of stringency must be maintained to produce reliable results. Furthermore, mRNA is extremely labile, making its detection by in situ hybridization unpredictable in autopsy specimens. More recently, an in situ polymerase chain reaction (PCR) method has been described for detecting amplified HIV nucleic acids in clinical tissue (Nuovo p24B) produced good staining, whereas other epitopes (e.g., DuPont gpl20, formaldehyde) were destroyed. In some cases, paraffin embedding revealed antigenic sites that had been formerly masked (e.g., Olympus gp120 and p24A; formaldehyde and glutaraldehyde fmation). These resdts indicate that HIV-1 antigens can be detected by immunohistology on cells exposed to most common fmtives. Therefore, retrospective analysis of pathological material is possible, provided that the antibodies are matched to the fuative used to preserve the tissue. (JHistochem Cytochem 43857-862,
1995)
KEY WORDS: HIV; Monoclonal antibodies; Fixation; Paraffin; Immunohistology. et al., 1993) . However, this technique is extremely sensitive and as yet is difficult to perform without artifact. Transmission electron microscopy ( E M ) has also been used to detect HIV in cells (Wiley et al., 1986; Sharer et al., 1985) , but a major limitation is its inability to locate viral particles in tissues that contain low levels of HIV.
Cryosections of unfixed tissue are widely utilized in immunocytochemical studies of HIV infection in clinical material. This approach is convenient and offers the advantage of a large sampling area for rapid screening. However, a disadvantage is the loss of smctural integrity that often accompanies freezing of tissues and fixation in organic solvents such as acetone or methanol. Therefore, although this procedure normally retains antigenicity, the structural integrity of the tissue is often compromised. Furthermore, frozen clinical specimens are usually not routinely collected or stored for extended periods of time. An additional concem is the biohazard provided by unfixed, HIV-contaminated material. For many pathological studies tissues are routinely fixed in formaldehyde and embedded in paraffin. This results in superior preservation of morphology, is safer to handle, and is more widely available. A number of studies have utilized immunocytochemistry to detect HIV in formaldehyde-fixed, paraffin-embedded tissues (Bigomia et al., 1992; Kaluza et al. 1992; Kure et al., 1991; Pudney and Anderson, PUDNEY, ANDERSON 1991; Zeitz et al., 1991; Wiley et al., 1988) . These investigations, however, were limited to several antibodies (anti-gp41, p24, p17) for detecting HIV. A large number of antibodies directed against specific HIV proteins are now commercially available. It was thought pertinent, therefore, to determine the effect of fixation and embedding of HIV-positive cells in paraffin on the ability of these antibodies to bind their cognate epitopes. In the present study, a variety of monoclonal antibocks (MAbs) directed against both envelope (gp120, gp41) and core (p18, p24, p55) HIV proteins were tested.
Antigens 
Materials and Methods

Cells and Tissues
Jurkat cells infected with HXBC2, a cloned strain derived from HIV-1-IIIb, were kindly supplied by Dr. J. Sodroski (Dana-Farber; Boston, MA). Lymph nodes hanmted at autopsy fiom three HIV-1 seropositive patients were generously provided by the Pathology Department of Deaconess Hospital (Boston, MA). The histological history of these tissue blocks was unknown except they had been fmed in formaldehyde and embedded in paraffin. This paradigm was chosen because it is impossible to obtain accurate processing information on retrospective tissue samples. Therefore, if positive staining were obtained this would provide a measure of confidence that these tissues could be used for retrospective detection of HIV-infected cells.
Monoclonal Antibodies
The MAbs used in this study were anti-gp120, gp41, and p24 (DuPont; Wilmington, DE) and anti-reverse transcriptase (RT), gp120/160, gp41, p24A (p55 weakly), p24B (p24/55), p55 (p18 weakly), p18A (p18/55), and p18B (p55 weakly) (Olympus. Lake Success, NY). MAbs were all supplied as purified antibody at a concentration of 0.1 mglml except for DuPont gp41, which was received as ascites fluid.
Effects of Fixation
Fivegl drops of HIV-infected Jurkat cells in PBS were spread on individual wells of eight-spot teflon-coated slides (Roboz; Washington, DC), air-dried, and stored at -70'c. The slides were allowed to reach room temperature (RT) and then were immened in one of the following fixatives for approximately 30 min: 100% acetone (A); 10% unbuffered methanol-free formaldehyde (F) (Polysciences; Warrington, PA); 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4 (G); a mixture of 4% paraformaldehyde/l% glutaraldehyde in 0.18 M phosphate buffer, pH 7.4 (T) (McDoweU and Tnunp, 1976) ; and Bouin's fluid (B). After fixation, slides were rinsed twice in 0.05 M Tris buffer, pH 7.6, for 10 min. MAbs diluted 1:50 in 0.02 M Tris buffer, pH 8.2, containing 1% bovine serum albumin and 0.02 M sodium azide (BSA-%azide buffer; Sigma, St Louis, MO) were subsequently applied to the individual spots and incubated for 30 min at RT. Slides were then rinsed in Tris buffer and the cells incubated with the secondary link antibody (rabbit anti-mouse IgG) for 30 min at RT. After a rinse in Tris buffer, the cells were exposed to the alkaline phosphatase-anti-alkaline phosphatase (AP-AAP) immune complex for 20 min at RT. To increase staining intensity, a double-bridge method was used. After initial application of the link antibody and AF' -AAP immune complex, both reagents were sequentially reapplied to the same spot for a further 10 min. Antibodies were visualized by incubation with the substrate Fast Red TR for 30 min at RT (Dako; Santa Barbara. CA), which stains positive cells red. As negative controls, cells were processed either in the absence of the primary antibody or with a similar concentration of a nonreactive antibody (MOPC-21, a mineral oil, plasmacytoma-producing mouse IgG Sigma). Cells were finally counterstained with aqueous hematoxylin and mounted in Accergel (Accurate Chemicals; Westbury, NY).
Effects of Embedding in ParaHin
Cells. A pellet of washed, HIV-infected Jurkat cells was fixed in either F, G, T, 0r.B for 30 min at RT and processed for embedding in paraffin. Five-pm paraffin sections were deparaffhized in xylene (four times for 10 min each) followed by 95 % alcohol. Sections were then washed in Tris buffer and incubated with a primary MAb, diluted 1:20, in BSA-Tris-azide buffer for approximately 18 hr at 4'C. Cells fixed in aldehyde-containing fluids were also subjected to digestion in pre-warmed 0.01 N HCI containing 0.4% pepsin (Sigma; P-7000) for 10 min at 37'C, washed in distilled H20 (30 min), and incubated with the primary MAb. Slides were then washed in Tris buffer and the antibody detected by means of an AFAAP system (Dako) using a double-bridge method.
Tissue. Five-pm sections ofdeparaffnized and rehydrated human lymph nodes were incubated with a cocktail of antibodies to HIV proteins (gp41, p24; DuPont) at a dilution of 1:20 for approximately 18 h at 4'C. with or without prior digestion in pre-warmed 0.01 N HCI containing 0.4% pepsin for 10 min at 37°C. Pepsin-treated slides were washed twice for 15 min in distilled H20. All slides were then rinsed in %is buffer and antibodies stained using an AELAAP kit (Dako) and a double-bridge method of detection. After the immunocytochemical test, cells and tissue sections were stained in aqueous hematoxylin and mounted with Accergel (Accurate Chemical).
Omission of the primary antibody and incubation with a similar concentration of a nonreactive immunoglobulin (MOPC-21; Sigma) served as negative controls for cells and tissues. Jurkat cells infected with HIV acted as positive controls for the lymph nodes.
Blocking &Free Aldehyde Groups. Tissues fmed in glutaraldehyde may, becaux it is a dialdehyde, contain free reactive aldehyde groups. These aldehydes can provide covalent binding sites for proteins (e.g., antibodies) subsequently applied to the tissue. Therefore, to examine whether residual aldehyde groups remained in glutaraldehyde-fixed tissues, the effects of blocking by pre-treatment with 1% sodium borohydride in 0.1 M phosphate buffer, pH 7.4, for 30 min (Craig, 1974) were compared to untreated sections.
Results
Effects of Fixation
The effects of various fixatives on the ability of MAbs to detect HIV Table 1 . antigens in infected Jurkat cells are shown in Zble 1. All results were confirmed at least once. The quality of binding of each antibody to its cognate antigen was empirically determined by a scaring method using a combination of number ofcells/syncytia stained plus the intensity of staining carried out at an objective magnification of x 20. When the majority of cells were intensely stained, the antibody was considered excellent to very good (+ + +) (e.g., Olympus p24B acetone) ( Figure 1A ). When only a large number of cells were less intensely stained, the antibody was considered good (+ +) (e.g., Olympus p24B; Trump's fixative) ( Figure 1B ). When only a few cells were moderately stained, the antibody was considered fair (+) (e.g. Olympus gp120; Bouin's fluid) ( Figure IC) . When cells, in either large or small numbers, were only faintly stained, the antibody was considered weak (W) (e.g., Olympus gp120; acetone) ( Figure ID) . When no staining was detected, the antibody was considered unreactive (-) (e.g.. Olympus gpl20; formaldehyde) ( Figure 1E ). As can be seen in Table 1 , MAbs directed against the same viral protein but obtained from different commercial sources often reacted differently. For example, DuPont P24 gave excellent staining with the complete panel of fixatives; Olympus P24B gave excellent results for all fixatives except those containing glutaraldehyde, which reduced the intensity of staining; the Olympus P24A stained cells very weakly regardless of the fmtive used. In addition, Olympus gp120 was essentially unreactive to cells exposed to any of the fixatives used, whereas DuPont gp120 was capable of staining cells in fixation fluids not containing glutaraldehyde. For the gp41 antibodies, DuPont gp41 was able to stain cells preserved in any fixative except Bouin's fluid, whereas Olympus gp41 reacted only with cells fixed in acetone or Bouin's fluid. For the rest of the MAbs, Olympus p55 gave excellent staining with the complete panel of fixatives. Olympus p18 MAbs gave mixed results, with p18B performing poorly with all fixatives, whereas p18A was able to detect HIV antigens exposed to all fixatives except those containing glutaraldehyde. The RT MAb did not stain any HIV-infected cells, regardless of the fixative used. Negative controls routinely run with each set of samples showed no background or nonspecific staining for 9 fmtives used (Figure lF) .
Effects of f i t i o n on the abdity of antibodes drected against specijic HIV antigens to stain HN-inficted 'ce/la
Eflects of Embedding in Purufin
The same criteria used to evaluate staining efficiency of MAbs reacted with cells exposed to a r e a t fmtives were also used to determine the &t ofparaffin embedding on the ability of MAbs to detect HIV antigens. These results are shown in Zble 2, which presents data obtained from immunocytochemical procedures not involving pepsin digestion, since this did not, for the most part, improve the quality of staining compared to non-pepsin-ueated samples. The results were confiied at least once. Some MAbs gave excellent staining after paraffii embedding (e.g., DuPont p24 and Olympus p24B all fmtives) ( Figure 1G ). In other cases, embedding in paraffin either completely abolished the ability of an MAb to detect HIV-infected cells (e.g., DuPont gp120, formaldehyde) ( Figure 1H ) or resulted in no improvement of a particular MAb for staining HIv-inkcd cells (e.g., Duhnt gp120, glutaraldehyde). For several other MAbs, embedding in paraffin resulted in either a reduction (e.g., Olympus p55, Trump's fixative) or a slight increase (e.g., DuPont gp120, Trump's fixative) in staining for a particular fixative.
For some MAbs, embedding in paraffin exposed antigenic sites previously masked when cells were reacted with the fixative alone. Thus, both Olympus gp120 and p24A, which were unreactive to cells treated with any fixatives used, were capable of good to excellent staining of cells after they had been exposed to the same fixatives but embedded in p d m (Figure 11 ). For p18 MAbs the results were mixed. An improvement in staining was detected for cells fmed in formaldehyde or glutaraldehyde and embedded in paraffin for both p18A and p18B over treatment with fmtive only. For other fixatives, only an increase in staining was observed for p18A after fixation in Bouin's fluid and paraffin embedding. Although the antigenicity of reverse transcriptase could not be maintained by Table 2 any of the fixatives used, processing for paraffin embedding did produce excellent staining for one fixative, Bouin's fluid. Negative controls processed along with all samples were consistently lacking in background or nonspecific staining for all fixatives used.
. Efiects o f h t i o n followed by embedding in parafin on the ability of antibodies drectedagainst spec@ HIV antigens to stain HIV-infected cells
Effects of Blocking Free Aldehyde Groups
There was essentially no difference in the staining of HIV-infected cells by any of the MAbs used after fixation with glutaraldehyde and treatment with sodium borohydride compared with samples that did not receive the aldehyde blocking reagent.
Lymph Nodes
A number of brightly stained cells positive for HIV were detected in paraffin sections of lymph nodes using a codctail of MAbs directed against different viral proteins (gp41 and p24 DuPont) ( Figures  and 1K) . Negative controls, processed at the same time, demonstrated no background or nonspecific staining, whereas positive controls showed excellent staining ( Figure 1L ).
Discussion
This study demonstrates that the ability to detect HIV infected cells by immunohistology is dependent not only on the MAb used but also on the prior treatment of tissues. Fixation is performed to preserve morphological integrity of tissues, stabilize the structure of antigens, and to prevent extraction andlor diffusion of antigen to allow its precise location. Fixatives can preserve certain antigens but destroy others, because epitopes can be differently affected by the same fixative (Larsson, 1988) . This could either decrease, destroy, or promote the affinity of an antibody for its antigenic site. Furthermore, different fixatives can have different effects on antigenicity. For example, fixatives with aldehydes, but not other fixatives, destroyed the epitope recognized by the Olympus gp41 antibody. In contrast, the DuPont gp41 antibody reacted with cells exposed to fixatives containing aldehydes. It is difficult to predict whether a particular fixative will preserve antigenicity of specific epitopes recognized by MAbs.
In the present study, the most versatile fixation fluids were acetone, 10% unbuffered formaldehyde, and Bouin's fluid, all ofwhich preserved a wide range of viral epitopes. The only MAbs that did not react with cells exposed to these fixatives were Olympus gp120, p24A, p18B, and reverse transcriptase, which also failed to produce strong staining of HIV-infected cells with any of the other fixatives used in this study. As would be expected, there was great variation in the ability of individual MAbs to bind to cells when fixatives containing aldehydes were used. This is due to the masking of antigens by these cross-linking fixatives. Furthermore, the degree of cross-linking that proteins undergo influences how well an MAb can bind its epitope. For example, with fixation in the monoaldehyde formaldehyde, which is considered a weak fixative, good staining of HIv-infected cells was obtained with DuPont gp120 and Olympus p18A. However, when infected cells were preserved in glutaraldehyde, a dialdehyde, and a much stronger fixative, these same antibodies were either unable (e.g., DuPont gp120) or poorly able (e.g., Olympus 18A) to detect their respective epitopes. Essentially the same results were obtained with Trump's fluid, even though this fixative contained a lower concentration of glutaraldehyde, because staining was reduced or abolished for MAbs that had previously reacted to cells fixed in formaldehyde alone. An exception was Olympus p24B, which gave excellent staining with formaldehyde, fair staining with glutaraldehyde, but good staining with Trump's fmtive, presumably owing to the lower concentration ofglutaraldehyde. For Bouin's fluid, many of the antibodies tested gave good to excellent staining, indicating that this is an acceptable fixative for immunocytochemical detection of HIV.
Paraffin embedding of tissues can also affect antigen integrity in ways that cannot be predicted. For example, despite paraffin embedding, good to excellent staining of HIV-infected cells was obtained, regardless of the fixative used, for DuPont p24 and Olympus p24B. For other MAbs, however, staining was abolished or markedly reduced after embedding, but this effect occurred only after exposure to certain fixatives. For example, DuPont gpl20 lost its ability to bind cells fmed in formaldehyde after paraffin embedding, but still retained a capacity to react with paraffin sections of HIV-infected cells fixed in Bouin's fluid. In contrast, many of the MAbs tested in this study demonstrated an increase in both the number of cells stained and the intensity of this staining for HIV-infected cells fixed and embedded in paraffin compared with exposure to the fixative only (e.g., Olympus p24A, gp120, and p18A).
This study indicates that the most reliable fixative for detecting HIV-infected cells in samples that do not require paraffin embedding is acetone, since a wide range of antibodies could be used. Acetone is not an ideal fixative. and when better structural preservation is required aldehyde-containing fixatives are preferred. Under these conditions, however, fewer MAbs are able to detect HIVinfected cells. The retention of antigenicity for certain MAbs in cells preserved in glutaraldehyde was surprising, because this fixative is not usually recommended for immunocytochemical studies because of its high cross-linking action on proteins. Potential effects of residual aldehyde groups were ruled out by the use of aldehyde blocking reagents. Because of its superior preservation of biological material, glutaraldehyde is the fixative of choice for ' E M . These results indicate that post-embedding immunoelectron microscopic analysis of HIV-infected cells can be performed on glutaraldehyde-fixed tissue provided that appropriate MAbs are used (e.g., DuPont p24, gp41; Olympus p55).
This study revealed that the most robust MAbs, capable of producing very good to excellent staining of HIV-infected cells regardless of the fmtive used, were DuPont p24 and Olympus p24B and p55. Olympus p24A, p24B, p18A, and p18B reportedly crossreact with p55. Given the high affinity of the Olympus MAb p55 alone for its antigen, it is possible that some if not all of the staining seen with these antibodies was due to crossreaction with p55. After paraffin embedding, antibodies still capable of very good to excellent staining, regardless of the fixative used, were DuPont p24 and gp41, and Olympus p24B.
This comparative study on the ability of MAbs to detect antigenic epitopes after exposure to different preservation protocols utilized a cell line heavily infected with virus. To confirm that the MAbs also react with HIV-infected cells in clinical material, p dfin sections of lymph nodes from HIV-1-seropositive patients were analyzed for the presence of virus-infkcted cells. The histological history of these tissues was unknown, except they had been obtained at autopsy and fixed in formaldehyde followed by paraffin embedding. Sections of these tissues showed good positive staining of infected cells with a combination of antibodies. This demonstrates that archival tissues can be used for retrospective analysis of HIV-infected cells provided that the appropriate antibodies are utilized.
To maximize identification of HIV-infected cells in clinical material, we recommend that a cocktail of antibodies be used, matched to the fixative employed to preserve the tissue, and that sections should be reacted with antibodies overnight at 4%. The dilution of antibodies used in the present study was 1:50 for cells exposed to fixative only and 1:20 for cells embedded in paraffin. Improvement of staining of HIV-infected cells by some of the weaker antibodies might be accomplished by increasing the concentration of these MAbs. Proteolytic digestion of aldehyde-fixed, paraffinembedded tissue is not advised, because in most cases this did not lead to enhancement of staining and, in fact, had a deleterious effect on some antigens.
